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PROCEEDINGS 


NOTICE OF REGULAR MEETING. 


A REGULAR meeting of the Boston Society of Civil Engi- 
neers will be held on 


WEDNESDAY, OCTOBER 17, 1917, 


at 7.45 o'clock P.M., in CHIPMAN HALL, TREMONT TEMPLE, 
Boston. 

Mr. Henry I. Harriman, president of the New England 
Power Company, will read a paper entitled, ‘‘ Water Powers of 
New England.”’ The paper will deal not only with the water 
powers of the New England Power Company, but with other 
hydro-electric developments and economic questions that under- 


‘lie their construction and utilization. 


The paper will be illustrated with lantern slides. 
S. E. TrnxuHam, Secretary. 


PAPERS IN THIS NUMBER. 


‘“‘ Aviation as Applied to the Navy.” George D. Murray. 
“Continuous Beams of Unequal Spans.’’ Frank S. Bailey. 
“ Classification of Civil Engineers under the Civil Service.” 


Report of the Committee. 


Reprints from this publication, which is copyrighted, may be made pro- 
vided full credit is given to the author and the Society. 

Contributors are hereby notified that proof will not be submitted to 
them for examination unless requested before the roth of the month pre- 
ceding the month of publication. 

a 


2 BOSTON SOCIETY OF CIVIL ENGINEERS. 


REPORT OF THE MILITARY COMMITTEE ON EQUIP- 
MENT FUND FOR THE 101ST UNITED STATES 
ENGINEERS. 


Boston, Mass., October 2, 1917. 
To THE Boston SocIETY OF CrviL ENGINEERS: 


At a regular meeting of the Society held May 16, 1917, the Board of 
Government recommended the adoption of the following resolution: 


Whereas, engineers and engineer troops are of prime importance in 
modern warfare, and 


Whereas, the organization of engineer troops is particularly a subject 
for codperation on the part of societies of engineers, and 


Whereas, a regiment of engineers is now being organized in the Massa- 
chusetts National Guard, by the transformation and enlargement of the First 
Corps of Cadets; therefore 


Be it resolved, that the Boston Society of Civil Engineers endorses the 
formation of such regiment of engineers, and pledges to it its support and assis- 
tance. 


This resolution was unanimously adopted by the meeting, and, in ac- 
cordance with the provisions of the constitution, was submitted to the full 
membership by letter ballot. 

At the regular meeting held on June 13, 1917, the letter ballot was can- 
vassed, with the result that 296 members voted in the affirmative and 8 in 
the negative. 

In order properly to carry out the purport of this resolution, it was 
suggested that our committee take some substantial action which would make 
manifest the sincerity of purpose embodied in the resolution. Accordingly 
the committee decided to solicit voluntary subscriptions from the members of 
the Society, looking to the creation of a fund which should be available for the- 
purpose of necessary or desirable equipment not customarily supplied by the 
War Department and which might add to the efficiency or comfort of the men 
in this organization. 

A circular was mailed to the membership of the Society on June 29, 
1917, followed by a second appeal on July 18,.1917, outlining the necessity 
for such action and requesting subscriptions for the creation of such a fund, 
the disposition of the fund to be determined by the Board of Government 
of the Society. As a result of these appeals, a total of $2220 has been 
received by the Secretary, divided as follows: | 
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5 subscriptions of $100.00 each. 


4 subscriptions of 50.00 each, 

11 subscriptions of 25.00 each. 
9 subscriptions of 20.00 each. 
4 subscriptions of 15.00 each. 

64 subscriptions of 10.00 each. 
I subscription of 7.50 

58 subscriptions of 5.00 each. 
2 subscriptions of 4.00 each. 
3 subscriptions of 3.00 each. 
I subscription of 2.50 

15 subscriptions of 2.00 each. 

18 subscriptions of 1.00 each, 


195 Total amount, $2 220.00 


Early in the month of August a conference was had with Colonel Bun- 
nell of the Engineer Regiment, in order to learn if possible what articles of 
special equipment appealed to him as being most desirable for the needs of 
theregiment. He very frankly stated that there was a great variety of articles 
which were not included in the regular equipment of an engineer regiment, 
the possession of which would add very materially to the efficiency of his 
organization, but in the absence of a definite knowledge of the particular 
class of service to which his regiment would be assigned, he could not then 
make an intelligent selection. He suggested, however, in view of this un- 
certainty, that perhaps the fund could be better applied to its purpose if it 
were turned over intact to the regiment, to be expended as and when future 
circumstances might dictate. Colonel Bunnell’s suggestion was submitted 
to the Board of Government on August 24, and after discussion the Board 
voted to instruct the Secretary to transfer the money in the fund to Colonel 
Bunnell, to be expended as his judgment might dictate. 

The following correspondence taken from the files of the Society is 


‘self-explanatory: 


Boston SOCIETY OF CIVIL ENGINEERS. 
Boston, August 27, 1917. 
Col. Geo. W. BUNNELL, 
IoIst REGIMENT, U. S. ENGINEERS, 
CapEeT Armory, CoLuMBUS AVE., Boston, Mass. 
Dear Sir, — At a meeting of the Board of Government of the Boston 
Society of Civil Engineers, held on August 24, 1917, the following vote was 
passed: 


“Voted, that the equipment fund for the Massachusetts Engineer 
Regiment now on hand, or which may be contributed later, be turned 
over to Colonel Bunnell of the 1o1st Regiment, United States Engineers, 
to purchase such emergency equipment for the benefit of the regiment 


as his judgment may dictate.” : 

i w on deposit in the Old Colony Trust Co., to the credit of 

this Gea ce ae of $2 oan and I have the pleasure of enclosing a check for 
this sum payable to your order. 
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As you already know, this fund was contributed by members of the 
Society for the purpose of furnishing the regiment with certain equipment 
not ordinarily supplied by the War Department, which would add to the 
efficiency of your organization. : < : 

After a conference with you, the chairman of our Committee on Military 
Affairs, Mr. Charles R. Gow, reported to the Board of Government of the 
Society that under present conditions it seemed advisable to turn the fund 
over to the regiment for such expenditure as you should deem to be for its 
best interests, rather than to purchase special equipment which later might 
not be found to be useful. 

Extending to the officers and men of the Engineer Regiment the best 
wishes of the Boston Society of Civil Engineers, I am 

Very truly yours, 
(Signed) S. E. TrnkHAm, Secretary. 


First Corps CADETS, 1St REGIMENT MAss. ENGINEERS, N. G. 


CoLtumMBus AVENUE, Boston, August 29, 1917. 
S. E. Tinxuam, Esq., Secretary, 
Boston SOCIETY OF CIVIL ENGINEERS, 
Boston, Mass. 


My dear Mr. Tinkham, — | take pleasure in acknowledging your favor 
of the.27th instant, inclosing check to my order from the Military Equipment 
Fund of the Society for twenty-two hundred dollars. 

On behalf of the regiment I wish to express its sincere thanks for this 
gift, and particularly for the spirit that prompted it. It is certain that the 
money itself, which is to be used to purchase such emergency equipment for 
the benefit of the regiment as my judgment may dictate, gives the regiment 
a certain advantage over other engineer regiments, and will better enable it 
to perform its duty in the service of our country in such a way, or to such 
extent, as will make all of us proud of its record. 

The officers and men of the regiment thank the Boston Society of Civil 
Engineers for its good wishes, and for the token of these good wishes which 
has been expressed in this substantial way. : 


Very sincerely yours, 


(Signed) Gro. W. BUNNELL, 
Colonel, rorst U. S. Engineers. 


Since the date of Secretary Tinkham’s letter, there has been contributed 
the additional sum of $20 which, in accordance with the provisions of the 
vote of the Board of Government, will also be turned over to Colonel Bunnell. 


For the Committee on Military Affairs, 


CHARLES R. Gow, Chairman. 


PROCEEDINGS. 5* 


MINUTES OF MEETING. 


Boston, September 19, 1917. —A regular meeting of the 
Boston Society of Civil Engineers was held this evening in Chip- 
man Hall, Tremont Temple, and was called to order by Vice- ~ 
President Lewis M. Hastings, at 8 o'clock. There were 140 
members and visitors present. 

The record of the June meeting was read and approved. 

The Secretary reported for the Board of Government that 
it had elected to membership in the grade of member Mr. Gard- 
ner Sabin Gould, and in the grade of junior Mr. Edward Andrus 
Terhune, Jr., and that it had also elected to honorary member- 
ship John R. Freeman, George F. Swain, Ira N. Hollis and 
Howard A. Carson. 

The Secretary read a communication from Mr. E. F. Rock- 
wood, a member of the Society, and chief engineer of the New 
England Concrete Construction Company, requesting this 
Society to join with the Boston Society of Architects and the 
Master Builders Association in the appointment of a joint com- 
mittee to prepare and submit to the next legislature a revision of 
the structural portion of the Boston Building Laws. On motion 
of Mr. Bryant, the communication was referred to the Board of 
Government with full powers. 

The Secretary announced the death of Stanley A. Miller, 
a member of the Society, which occurred on May 13, 1917. By 
vote the Chair was requested to appoint a committee to pre- 
pare a memoir, and Mr. William H. Balch has been appointed. 

Mr. Gow, for the Committee on Military Affairs, submitted 
a report which is printed in the October, 1917, number of the 
JourNat of the Society. 

Mr. Frank A. Barbour was then introduced and gave a 
most interesting account of the cantonment construction work 
at Camp Devens, Ayer, Mass., of which he was the supervising 
engineer. The talk was very fully illustrated with lantern slides. 

Other speakers were. Captain Edward Canfield, Jr., US-As 
construction quartermaster; Major Glen I. Jones, sanitary 
officer; Mr. Frank Rogers, general manager for the Fred T. Ley 
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Co., the contractors for the work; and Mr. Leonard Metcalf, 
a member of the Society. 

After passing a vote of thanks to the several speakers of 
the evening, for their courtesy in presenting in so interesting a 
manner the building of the cantonment at Ayer, the meeting 


adjourned at 10.30 o'clock. 
S. E. TinkHAM, Secretary. 


APPLICATIONS FOR MEMBERSHIP. 
[October 4, 1917.] 


Tue By-Laws provide that the Board of Government shall 
consider applications for membership with reference to the 
eligibility of each candidate for admission, and shall determine 
the proper grade of membership to which he is entitled. 

The Board must depend largely upon the members of the 
Society for the information which will enable it to arrive at a 
just conclusion. Every member is therefore urged to communi- 
cate promptly any facts in relation to the personal character or 
professional reputation and experience of the candidates which 
will assist the Board in its consideration. Communications 
relating to applicants are considered by the Board as strictly 
confidential. 

The fact that applicants give the names of certain members 
as reference does not necessarily mean that such members en- 
dorse the candidate. 

The Board of Government will not consider applications 
until the expiration of twenty (20) days from the date given. 


ALLEN, ELMER Forest. Medford, Mass. (Age 24, b. Cliftondale, 
Mass.) Student for two years with International Correspondence Schools, 
course in surveying and mapping; is now third-year student at Northeastern 
College (Y. M. C. A.) Engrg. School, structural engineering course. From 
March, 1917, to date, draftsman with bridge department, B. & M. R. R. 
Refers to A. S. Coombs, C. S. Ell, J. B. Mailey and L. J. Phillips. 

LouMEYER, WILLIAM, Jr. Cambridge, Mass. (Age 22, b. Charleston, 
W. Va.) Graduate of Virginia Military Inst., 1912, degree of B.S.; is now 
senior at Mass. Inst. of Technology. Refers to J. B. Babcock, G. L. Hosmer, 
J. W. Howard, Dwight Porter, A.'G. Robbins and C. M. Spofford. 
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WELLs, Epwarp PreRcE. Malden, Mass. (Age 20, b. Boston, Mass.) 
Student for one year at Lowell Inst. School for Industrial Foremen. Was 
for one year (1915) in employ of McGunigle & Taunge on underground elec- 
trical construction; has been for two years (1916 and 1917) draftsman with 
Aberthaw Construction Co. Refers to L. H. Allen, R. E. Parker, A. B. Mac- 
Millan and F. S. Wells. 


LIST OF MEMBERS. 


HONORARY MEMBERS. 
(Elected September 19, 1917.) 


Carson, Howarp ADAMS. 
FREEMAN, JOHN RIPLEY. 
Ho tts, Ira NELson. 
SWAIN, GEORGE FILLMORE. 


CHANGES IN ADDRESS, 


PIWOOD, TROMESSC, j..0005065. fos. 485 Edgewood Ave., New Haven, Conn. 
BaLcH, WitLiaAM H....... Capt., E. O. R. C., Am. Univ., Washington, D. C. 
EPSPS GEAR ISTO SP issn pe ot iene DON 2 hs 650 Hanover St., Fall River, Mass. 
BURLERGH,, WILLARD -G, «...20 056.5 <srmncts ....Corp., 25th Engrs., Ayer, Mass. 
EST a od (ass) RR a a el ee 81 Moreland St., Roxbury, Mass. 
MECN eM RNIN OT, Sc fa icc oon Fd isa vo 19 Lenox St., Springfield, Mass. 
Penne ARM EE Deer. ge, ieee Se tons atte ocd st ers East Milton, Mass. 
HOSTER.) CIOWARY be. Ja. c Mb ca tsail eho sees 17 Paul St., Watertown, Mass. 
GERRISH, HERBERT T., Lieut., Camp American University, Washington, D. C. 
HANr. RANE S. 3... <:- 2d Lieut., 305th Engrs., Camp Lee, Petersburg, Va. 
PRC VAR MORRIE 52 ang ic diya s, 2 sien jn. 5 Sergt., Co. D, 11th Engr. Regiment, 

Care of American Expeditionary Force, Paris, France. 
Jerrett, RoBERT.......115 Beckwith St., Elmwood Sta., Providence, R. I. 


Katz, Harry L., 
Care of Supervising Engr.’s Office, Camp Meade, Baltimore P. O., Md. 


LEONARD, JosEPH F. A....... 2d Lieut., E. O. R. C., 102d Engrs., U.S. A., 

Camp Wadsworth, Spartanburg, S. C. 
NVCGHA RD IE OR RISE BN eye 5 one Sys aay e oxesths sw 22 Broadway, Watertown, Mass. 
McNutty, RICHARD J...... Care of Charles F. Berrill, No. Lexington, Mass. 
NWEEAD ES OVAE lar. miter cae oats ato. ahy 10 and 12 Pearson St., Chicago, Ill. 


- NasH, Puiir C., 


Lieut., E. O. R. C., U. S. A., Am. Univ. Training Camp, Washington, D. C. 
RNG BENOIT cies pete ci stan ta loueuas a Lieut., j. g., U. S. Naval Reserve Force, 
Communication Office, Bldg. No. 24, Navy Yard, Boston, Mass. 

SAVILLE, DHORNDIKE Gs 6: <0). < +i Pers 53 No. Beacon St., Hartford, Conn. 
SSS AIG CRATE EN ce cate ods nic etal + Om aT 3 Bryan Ave., Branford, Conn. 


8* BOSTON SOCIETY OF CIVIL ENGINEERS. 


SKILLIN, FRED B., 

Care of J. W. Zisgen, Interstate Commerce Comm., Washington, D. C. 
VESPER MROBDRIRAY Sane ae nee 243 Harvard Ave., Allston, Mass. 
WADED) We NEWELIG bce aettcte 42 Park Vale Ave., Suite 2, Allston, Mass. 
WARING, CHARLES T., 

Major, Signal Corps, Chamber of Commerce Bldg., Fort Worth, Tex. 


WESTON, ARTHUR D......... Lieut., 26th Engr. Regiment, Camp Dix, N. J. 

WHITNEY, RALPH E........ Lieut., 98 Mountfort St., Suite 6, Boston, Mass. 

WOUNG:) PRVINGS Vila oe oe eee Meade Branch, Baltimore P. O., Md. 
DEATH 

PIERCE... FRANK’ A... 202.114 «ele eet ae ee A eieeoeey ecto Poneto arenas August 7, 1917 


LIBRARY NOTES. 


RECENT ADDITIONS TO THE LIBRARY. 


On Military Engineering and Related Subjects. 
Naval Architecture. Cecil H. Peabody. 
Practical Shipbuilding, 2 vols. A. Campbell Holms. 


U. S. Government Reports. 

Analyses of Coals Purchased by the Government during 
Fiscal Years 1908-1915. George S. Pope. 

Asbestos in 1916. J.S. Diller. 

Asphyxiation from Blast-Furnace Gas. Frederick H. Will- 
cox. 

Chemical Relations of Oil-Field Waters in San Joaquin 
Valley, California. G. Sherburne Rogers. 

Contributions to Economic Geology, 1916: Part I,— 
Metals and Non-metals except Fuels. F. L. Ransome and Hoyt 
S. Gale. Part II. — Mineral Fuels. David White and others. 

De Soto-Red River Oil and Gas Field, Louisiana. George 
Charlton Matson and Oliver Baker Hopkins. 

Determination of Nitrogen in Substances Used in Explosives. 
W. C. Cope and Guy B. Taylor. 

Economic Geology of Gilpin County and Adjacent Parts of 
Clear Creek and Boulder Counties, Colorado. Edson S. Bastin 
and James M. Hill. 

Enrichment of Ore Deposits. William Harvey Emmons. 

Fuel Briquetting in 1916. C.°E. Lesher. 
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Lithium Minerals in 1916. Waldemar T. Schaller. 

Methods of Testing Natural Gas for Gasoline Content. 
G. A. Burrell and G. W. Jones. - 

Mining Industry in Territory of Alaska during Calendar 
Year 1905. Sumner S. Smith. 

Motor Gasoline: Properties, Laboratory Methods of Test- 
ing, and Practical Specifications. E. W. Dean. 

Our Mineral Supplies. J. S. Diller and others. 

Oxygen Mine Rescue Apparatus and Physiological Effects 
on Users. Yandell Henderson and James W. Paul. 

Occurrence and Mitigation of Injurious Dusts in Steel 
Works. J. A. Watkins. 

Organizing and Conducting Safety Work in Mines. Her- 
bert M. Wilson and James R. Fleming. 

Physical and Chemical Properties of Gasolines Sold through- 
out United States during Calendar Year 1915. W. F. Rittman 
and others. 

Pine Trees of Rocky Mountain Region. George B. Sud- 
worth. 

Platinum and Allied Metals in 1916. James M. Hill. 

Primary Volatile Products of Carbonization of Coal. Guy 
B. Taylor and Horace C. Porter. 

Rescue and Recovery Operations in Mines after Fires and 
Explosions. James W. Paul and H. M. Wolflin. 

Sandstone Quarrying in United States. Oliver Bowles. 

Submarine and Kindred Problems. Naval Consulting 
Board. 

Talc and Soapstone in 1916. J.S. Diller. 

Tungsten Minerals and Deposits. Frank L. Hess. 

Underground Latrines for Mines. Joseph H. White. 

Use of Panoramic Camera in Topographic Surveying, with 
Notes on Application of Photogrammetry to Aérial Surveys. 
James W. Bagley. 

Water-Supply Papers 362, 386, 391, 394, 401, 403, 405, 
423, 425-A. 

Wet Thiogen Process of Recovering Sulphur from Sulphur 
Dioxide in Smelter Gases. A. E. Wells. 

Zinc and Cadmium in 1915. C. E. Siebenthal. 
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Municipal Reports. 

Fall River, Mass. Annual Report of Watuppa Water 
Board for 1916. 

Reading, Pa. Annual Report of Bureau of Water for 1915. 


LIBRARY COMMITTEE. 


NEW ENGINEERING WORK. 


(Under this head a brief description of new engineering work contem- 
plated or under construction will be presented each month. Engineers and 
contractors are requested to send descriptions of their work to the Secretary, 
715 Tremont Temple, Boston, before Ist of each month.) 

Commonwealth of Massachusetts.—METROPOLITAN WATER 
AND SEWERAGE Boarp. — Water Works.— Work in progress: 
on portion of 66 000-volt transmission line in Clinton and Berlin. 


METROPOLITAN WATER AND SEWERAGE BOARD. — Sewerage 
Works. — Work in progress: Section 98 and Section 102, Welles- 
ley Extension, Deer Island Outfall Sewer. 

Work contemplated: Section 101, Wellesley Extension, is 
advertised. Bids to be opened September 26, 1917. 


METROPOLITAN PARK Commission. — The following work 
is in progress: 

Old Colony Parkway. — Construction of a temporary bridge 
across the Neponset River between Boston and Quincy. 


Boston Transit Commission. — Dorchester Tunnel. — The 
following work is in progress: 

Section F. The interior finish of the station and the con- 
struction of a prepayment surface station in Broadway for the 
interchange of passengers between surface cars and the tunnel. 

Section G. Emergency exit at the pump-well, corner of 
Dorchester Ave. and West 5th St.; construction of bridge over 
the tracks of the New York, New Haven & Hartford R. R. Co. 
leading to the docks; ventilating chamber and emergency exit 
and a section of the arch near the intersection of Dorchester 
Ave. and Old Colony Ave. 

Section J. The interior finish of the station and the con- 
struction of a surface station for the interchange of passengers 
between surface cars and the tunnel. 
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New York, New Haven & Hartford Railroad. — Con- 
STRUCTION DEPARTMENT. 

South Boston Cut Improvement. — Enlargement of South 
Boston Cut to Boston Freight Terminal’ to accommodate four 
tracks instead of two, and reconstruction of eleven overhead 
highway bridges so as to*span four tracks instead of two, pro- 
gressing. 

Southampton Street Engine Facilities. — New 39-stall engine 
house, 95-ft. turntable, ash pits, boiler house, office building, 
and water tank practically completed. Necessary trackage, 
etc., progressing. 


Boston Elevated Railway Company.—BurEAU oF ELE- 
VATED AND SUBWAY CONSTRUCTION.— Everett Extension. — The 
Everett Extension of the Boston Elevated Railway Company, 
involving the construction of the new bridge across the Mystic 
River and the reconstruction of the present Malden Bridge, has 
advanced to the point where the steel structure on either side 
of the new drawbridge is completed, the railway drawbridge 
having been completed for about a month or more. The high- 
way draw was put in operation for navigation on September 25; 
the surface cars, however, were turned over this bridge on 
July 22, and it has been in service for highway traffic since that 
time. The old draw just to the south of the new one was closed 
permanently September 25, and the work of dismantling immedi- 
ately begun. Beyond the present elevated steel structure now 
erected, the foundations are completed to the point where the 
rapid transit lines will reach the surface of the ground, and 
work is under way on temporary terminal station in Everett. 

At the Beacham St. Yard in Charlestown, a new inspection 
shop is approaching completion. This is a wooden frame struc- 
ture with wire lath and cement plaster walls. It is approxi- 
mately 420 ft. long and 60 ft. wide, joining directly on’ to the 
northerly end of the present brick inspection shop, which is 
being altered to accommodate the main line tracks of the pro- 
posed Everett Extension, passing through the southeast corner 
of this building. 
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PAPERS AND DISCUSSIONS 


This Society is not responsible for any statement made or opinion expressed in its publications 


AVIATION AS APPLIED TO THE NAVY. 


By Georce D. Murray,* LIFUTENANT, U.S.N. 


(Presented May 16, 1917.) 


I TRuUsT that in our discussion of some of the problems of 
aircraft as applied to the navy, I may be able to suggest to your 
minds certain ideas and thoughts which may-help you in study- 
ing the various phases of the present war pertaining to naval 
operations. 

As the term “aircraft’’ does not convey a particularly 
clear idea to the lay mind, a few definitions should be given, in 
order to make clear what follows. 

(a) “ Aircraft,’ include lighter-than-air machines, such as 
balloons, air-ships or dirigibles; and heavier-than-air machines, 
which are termed airplanes. 

(b) In the lighter-than-air machines, sustentation is ob- 
tained from the buoyancy of a volume of light gas. In the 
heavier-than-air machines, sustentation is obtained from the 
dynamic lift of the wings. In both cases, i.e., with lighter-than- 
air machines and heavier-than-air machines, propulsion through 
the air is obtained by means of propellers producing thrust suffi- 
cient to overcome the resistance of the air. 

(c) The airplane when equipped with landing gear (usually 
wheels), to permit it to rise from the ground and alight on the 
ground, is commonly called a ‘‘ land machine” ; while the air- 


* United States Custom House, Boston, Mass. 
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plane when equipped with landing gear (usually a float or pon- 
toon system), to permit it to rise from and alight on the water, 
is generally termed a “‘ seaplane.” 

To-day the importance of aircraft in land operations both 
for strategical and tactical purposes is keenly realized by all of 
us, yet the wonderful feats which are now daily occurrences over 
the battle fronts of Europe were but the dreams of the most 
visionary a few years ago. A similar condition as regards the 
use of aircraft in naval operations does not exist, and except for 
occasional dispatches reporting demonstrations against seacoast 
towns, stations or supply depots, little is heard regarding the use 
of aircraft at sea. Further, on account of the main German 
’ fleet remaining inactive, bottled up by the British navy, the 
development of the strategy and tactics of aircraft in naval 
operations has not been so marked as has been the case in land 
operations. 

While it may appear to be a slight digression from the sub- 
ject matter, I shall venture to outline briefly what is meant by 
naval strategy and tactics, in order that we may establish the 
relations which aircraft bears to them. 

Strategy, briefly, involves all preparation made in antici- 
pation of an engagement before the enemy is sighted; or, in 
other words, it is limited to planning and directing. It includes 
the following: 

(a) The number of vessels of each type required and their 
characteristics. 

(b) Location of naval bases, repair stations and their capa- 
bilities. 

(c) War plans providing for all possible contingencies. 

(d) Organization of the forces. 

(e) Operations and movements of forces in the execution of 
policy in peace and war. 

(f) Operations and movements of forces for the purpose of 
exercising and test, as in war games. 

It can, therefore, be seen that strategy extends back over a 
long period of time before an engagement with the enemy forces 
is imminent, and the development of its various phases continues 
up to the time the fleets make contact. 
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Tactics, on the other hand, begin where and when strategy 
finishes, and cover the movements and operations of the forces 
while in contact with the enemy. In the study of it, not only 
the strength, possible movement and disposition of one’s own 
forces in an operation must be considered, but also the strength, 
gun-power, disposition, course, speed and maneuvering qualities 
of the enemy under various conditions of wind and weather. 

It therefore becomes apparent that, in the development of 

strategy and tactics in naval operations, the employment of 
aircraft is an important factor, and in the study of strategy and 
tactics, due consideration must be given to the presence and 
employment of aircraft in both forces. 
It may be stated that the following duties must be per- 
formed by naval aircraft: (a) Scouting from ships at sea; (0) 
off-shore scouting from coastal stations; (c) spotting; (d) offen- 
sive operations against enemy aircraft and_ possibly against 
ships and stations. 

Of the above, it is considered that (a) scouting from ships 
at sea is of primary importance, and it is the endeavor of the 
navy to develop seaplanes for this purpose. 

In order to provide a seaplane that will most efficiently do 
the work required, i.e., to scout at sea, we must have one that . 
possesses great speed with as low a landing speed as possible; 
pontoons or floats which will allow it to withstand rough usage 
on the water, yet light enough so that good flying qualities are 
not sacrificed; and of such size as will permit economical stow- 
age aboard ship. 

The development of the seaplane has been carried on for 
several years, and it has still a long way to go before most of the 
military conditions required to make it fulfill its purpose are 
attained. The principal reason for this is that the conditions 
of service that the seaplanes must meet are much harder than 
for land machines. In detail: first of all, we have greater weight 
and head resistance, which affect both the climb and the speed 
possible to attain; second, the difficulties of float or pontoon 
construction, which are enormous, since weight must be cut 
down, head resistance diminished, and speed, climb and ma- 
neuvering qualities in the air obtained; third, the problem of 
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stowage aboard ship; fourth, the problem of launching from the 
deck of a ship, or allowing the seaplane to fly from the surface 
of the sea; and lastly, the additional engine power required to 
get the machine off the water. 

The solution of the seaplane problem is rendered more 
difficult because so few people really. understand the many difh- 
culties encountered. A certain amount of coeducational work 
of both manufacturer and user was, therefore, necessary before 
any real progress could be made. 

Before arriving at the type of seaplane that must be used 
for scouting purposes at sea, many months have been spent in 
the development of a suitable type of training machine. This 
type of machine is now fairly well established as compared with 
other types. It necessarily is slow, with a wide range of speeds, 
has a reasonable climbing rate, and possesses good control and 
maneuvering qualities. In general, this type has about the 
following dimensions: Span, 40 ft.; chord, 6 ft.; gap, 6 ft.; 
length over all, 27 ft.; height, 10 ft.; area of lifting surface, 450 
sq. ft. It is equipped with a 100-horse-power water-cooled 
motor, and its total weight loaded, meaning weight of the sea- 
plane plus weight of pilot and passenger and oil and gasoline 
for flight of 2}-hours’ duration, is 2 300 Ibs. Its maximum speed 
is 65 miles an hour, minimum speed 40 miles an hour and climb 
2 500 ft. in ten minutes. Now compare these specifications with - 
those of the first speed scout that is about developed. We have, 
in the latter type, span, 28 ft.; chord, 4 ft. 6 ins.; gap, 5 ft.; 
length over all, 24 ft.; height, 10 ft.; area of supporting surface, 
240 sq. ft. It is equipped with a 100 horse-power water-cooled 
motor, and its total full load, meaning pilot, oil and gasoline 
for flight of 23 hours, is 1500 lbs. Its maximum speed is 95 
miles per hour, minimum speed 50 miles per hour, and climb 
5 000 ft. in ten minutes. ; 

In the second duty of naval seacraft, for “ off-shore scouting 
from coastal stations,’ use will be made of what are termed 
dirigible Blimp balloons, a type of lighter-than-air craft now 
under construction. In its development we have been unfor- 
tunate, as most of the work has been done abroad (the knowledge 
on the subject in this country being very limited), resulting in 
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slow progress being made. The shape of the envelope, or bag, 
of the Blimp dirigible somewhat resembles that of a cigar. The 
entire length from tip to tip will be 160 ft. and the maximum 
diameter 31.5 ft., and the maximum width over the tail fins will 
be 36.2 ft. This envelope will displace 77 000 cu. ft. Sus- 
pended from the envelope will be a rigidly built car, spacious 
enough to carry a pilot, an observer, the necessary accessories 
for determining altitude, speed, etc., and a 100 horse-power gas- 
oline motor of the latest improved type. The car used in these 
dirigibles will closely resemble that of the ordinary airplane, 
except that it is so constructed that for strategic or other reasons 
the pilot may light upon a body of water. This is made possible 
by attaching skids of ash, to which are securely fastened large 
waterproof cylinders of fabric stuffed with kapok fiber, which 
afford the requisite buoyancy. Ample room is provided in the 
car for the pilot and observer as well as the compact power plant, 
and both compartments are well protected from the weather. 
The total weight of the dirigible will be about 5 000 Ibs. Pro- 
vision is also made for carrying ballast, which, when thrown out, 
will enable the dirigible to reach an altitude of 7 500 ft. with 
safety. These dirigibles are to be so constructed that the maxi- 
mum speed of 45 miles per hour may be maintained for ten 
hours. They can also endure sixteen hours of flying at the 
cruising speed of 35 miles per hour, which permits a range of 560 
miles. : 

The third duty for aircraft to perform is ‘“‘ spotting.’’ While 
nothing of a very exact nature concerning the employment of 
aircraft for spotting in the fleet can be told at this time, yet I 
can say the possibilities of the use of the captive balloon in con- 
nection with the spotting of shots in the control of fire are being 
investigated. In defensive actions, to protect a part of the coast 
against bombardment by an enemy, the same system of the 
control of the fire from the coast defense stations, by airplanes, 
will be used as in all the artillery actions on the European fronts. 

To provide for aircraft for “ offensive operations against 
” a type 
of aircraft distinctly different from the scout is required, — 
one that has real offensive power. The failure of the “ Zeppe- 
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lin’ as an offensive arm is pretty generally conceded, and it is 
beginning to be questioned whether the heavier type of airplane, 
the battle-plane, mounting guns, is proving much more of a 
success than the Zeppelin. It is reported that the construction’ 
of battle-planes capable of carrying a live load of two guns and 
the equivalent weight of twenty-odd men has been pretty much 
abandoned. 

Admiral Fiske, in a recently published article, makes some 
very interesting statements in regard to the battleplane and 
its employment as a defensive arm in the protection of the coast. 
He says: ‘‘ In case our fleet is defeated in the Atlantic during the 
next year, we shall not have an army that could stand up against 
any European army that might land on our shores. But if we 
had a division of, say, one hundred battle-planes near New York, 
costing about three million dollars, we could certainly prevent 
disembarkation, transit in boats to the shore and landing of any 

_force of soldiers, especially if the battle-planes were assisted by 
say, two hundred small aeroplanes, dropping bombs. Similar 
divisions at other points, including one at the Panama Canal, 
could perform similar services, and the great speed of the air- 
craft would enable each division to guard a long extent of coast 
line. A division of one hundred battle-planes could go from New 
York to the Capes of the Chesapeake in three or four hours. 
They could be equipped with 3-inch guns. The muzzle energy 
of one hundred three-inch guns is equal to the muzzle energy 
(and, therefore, destructive power) of about sixty thousand 
soldiers’ rifles.” 

He further states: ‘‘ That the aeroplane, and especially the 
battle-plane, will rapidly advance in size and power within the 
coming year and afterwards, is the mature belief of many aero- 
nauts; should we not, therefore, immediately investigate its 
capabilities not only as a scout and accessory, but as a major 
instrument of warfare? ”’ 

The training of personnel has been slow, because of the lack 
of proper aircraft up to a comparatively recent time, with which 
to carry on the training. The present facilities for training are 
at the Naval Aeronautic Station at Pensacola, where a great 
many officers and men are receiving instruction. Since it is 
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impossible to extend the station much beyond its present capa- 
city, other stations for the training and development of the per- 
sonnel will be established along the coast. With the present 
system in efficient operation, it is expected that regular classes 
of officers and men from the navy, naval militia and coast 
guard can be qualified for active duty at sea in three months, 
and civilians with no previous training in six to eight months. 

A short discussion of the various qualities and character- 
istics of the airplane, I hope, may not be considered out of place 
in closing this paper. The flight of all heavier-than-air machines 
is based on the following law: ‘‘ Sustentation is obtained from 
the dynamic lift of wings, propulsion being provided by means of 
a propeller producing thrust sufficient to overcome the resistance 
of the air.”’ 

When any thin plane or cambered surface is moved through 
the air so that its direction of motion makes a small angle with 
the lower side, the fluid motion of air resulting is unsymmetrical 
and the resultant pressure of the air is very nearly normal to the 
plane of the surface. This resultant pressure or “lift ’’ varies 
according to the angle at which the plane is moved through the 
air. It increases until a critical angle is reached called the 
‘“‘burble point,’’ when it starts to diminish. On top of a wing, 
the surface of which is cambered, the flow of air is turbulent and 
the entire upper surface is under suction. This suction produces 
a lift which in good wings amounts to more than two thirds of 
the total lift. Now, in an airplane the total resultant force R 
expressed in pounds for a velocity V feet per second of an air- 
plane of S square feet area can be stated as follows: 


R=K1iS\Vs2, 


- where Ki is a coefficient which varies in an irregular manner 
for different shapes of wings and for different attitudes of the 
same shape. By “‘attitude”’ is meant the angle at which the 
wing is presented to the wind. This is termed “ the angle of 
incidence ”’ and is arbitrarily defined as the acute angle between 
the wind direction and the lower chord of the wing section cut 
by a vertical plane parallel to the wind direction. 

Now, if we express the above formula as RK equals KSV2I, 
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in which “‘K,” in this case, represents the coefficient of the form of 
the wing, and “‘J’’ represents the particular angle of incidence, 


R 
and rewrite the equation as V2 equals Ksp We see that the only 


variable is ‘‘J,’’ the angle of incidence. This means that for 
every speed of the airplane there is but one angle of incidence. 
Therefore, in conclusion, we may state that the speed of an air- 
plane depends upon the angle of incidence of the wings, and the 
horse-power can only affect the spéed through the intermediary 
of the angle of incidence. 


DISCUSSION. 


Mr. CLirFrorD L. WEBSTER.* — When men first started to 
build aeroplanes, practically every designer or experimenter had 
some ideas of his own on the best method of control of aeroplanes, 
so we have had all sorts of means of handling control surfaces. 
In the main, the control surfaces consisted of the vertical rudder 
and the horizontal rudder behind, and the ailerons or some method 
of twisting the wings which is the equivalent of ailerons. One 
man would prefer to warp his wings by foot-power and steer 
with a wheel and lift with the same wheel. Another man would 
prefer to move his ailerons with his hands and to steer with his 
feet. The Wright brothers worked out a system where with 
your right hand you pushed a lever forward and back to warp 
the wings, which was unnatural, working at right angles to the 
effect you were trying to cause; and with the left hand you had 
a lever to push forward and back for your up-and-down control, 
which gave you the two hands working sometimes in opposite 
directions and sometimes in the same direction, but seldom the 
same amount. It was something like the stunt of rubbing your 
stomach and patting your head. Then they gave you a little 
wrist motion on top of the warping lever to work your rudder 
with. You could work your warp and rudder together, which 
was the only advantage of it. The Wrights later turned out a 
machine in which you worked your ailerons with a wheel and 
then had a segment which worked the rudder. The Navy rather 
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approved of that method, but found it was so hard to get the 
adjustment between the segment and the wheel correct that it 
was not considered advisable to retain it, and they put the con- 
trol of the rudder on a foot lever, making it into the ‘‘ Deper- 
dussin ”’ control, which is practically universal now. There is 
a wheel to operate the ailerons. You roll the wheel away from 
the wing which is too low, bringing the wing up. The steering 
is done by pushing the foot forward on the side to which you 
wish to turn, just the opposite of the little boy’s go-cart. That 
seems to work very well in connection with the rolling wheel. 
The wheel is pushed forward to descend and pulled back to 
ascend. 

In training, of which I shall probably do considerable this 
summer at the Squantum school which has just been opened, the 
general procedure is to take the pupil up in a two-passenger 
machine having a set of controls in each seat. On the first 
flight you simply give him a passenger flight of about fifteen 
minutes, so he can see how it feels to be in the air and permit 
him to get over any uncomfortable sensations he may have. 
On the second flight we tell the pupil to put his hands on the 
control and feel about the amount and direction in which they 
operate. Then by the third lesson he has very well in mind 
what he ought to do, and we let him go ahead and try to do it 
while the machine is flying at a considerable altitude, allowing 
plenty of room below, so that if he makes a mistake the instruc- 
tor has time enough to grab the controls and correct it before 
they get uncomfortably close to the ground. Then for several 
lessons we just try him on that, not letting him bank very much, 
— possibly 15 degrees, — finding out just how much he should 
turn his rudder for a certain bank, keeping the machine pretty 
level fore and aft. I think that possibly after a matter of two 
hours of actual flying, comprising perhaps eight lessons in all, 
the average pupil has the knack of it pretty well.. He can then 
fly around in the atmosphere well off the ground and feel quite 
comfortable and not get into trouble. Then we start to get 
off the water and bring the machine back. That is a little more 
ticklish work because you have to get down close to things and 
you find you have to act very quickly. The difference in judg- 
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ment of a fraction of a second may be the difference between 
making a good landing and smashing an aeroplane, so then the 
instructor really sits up and takes notice and has his hands right 
close to the wheel ready to grab it quickly. The pupil usually 
bounces the machine around on the water, a good bit in first 
getting it off.. When he gets up he-comes coasting down to the 
water and probably forgets that the water is there, and then the 
instructor has to pull the machine up before he hits the nose of 
it. He goes up again and then becomes a little afraid of the 
water. He coasts down and levels the machine about twenty 
feet off the water at the time it ought to land, and then the in- 
structor has to get the machine down close to the water before 
it loses its speed, otherwise it settles with a bump. That is 
called ‘‘ pancaking "’ the machine, which gives you a good idea 
of what really happens. We try the pupil on getting the machine 
off the water and on landing it, at the same time improving his 
ability in driving through the air. This flying is done, of course, 
in short jumps, flights of about five minutes, getting up and 
landing again quickly, making a series of jumps, just touching 
on the water. Then after a matter of possibly five hours of 
flying the pupil really knows how to fly the machine under good 
conditions. We send him out when there is a good day, and the 
instructor hopes he has not neglected to tell him anything. 
After a few flights the pupil takes his certificate, which means 
that somebody has seen him make a certain number of figure 
8’s and land the machine without smashing it within a reasonable 
distance of a given mark. Also that he has taken the machine 
up three hundred feet, shut his motor off, and glided down with 
a dead machine or engine. Of course the dead-engine stunt is 
given toward the end of the course, because with the engine off 
you have only one try at landing. If the power is on you can 
speed up and go on a little farther if necessary. If the engine 
stops and you get down close to the water, you must land. After 
the pupil has taken his Aero Club certificate and flown the 
machine alone, if he is going to do any more flying he starts in and 
really learns after that. He has just got the idea of it then. 
He is all right in good weather and under good conditions, but 
whether he would “ get away with it ’’ under unusual conditions, 
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no one knows, and so the Army and Navy require, before they 
put him to any serious work, that he should go ahead and fly 
by himself in various sorts of weather at various altitudes, hav- 
ing certain objects in view, — either cross-country flying, spiral- 
ing, circling or something else, —a matter of forty hours, more 
before they consider him a good pilot. When I speak of hours 
of flying, that means adding up the total number of short flights. 
A preliminary course of flying, which is between five and six 
hours, will probably be extended over a period of a month or 
six weeks, if it is bad weather. 

Q. — How long a lesson do you find a pupil ebaanhe best? 

Mr. WEBSTER. — As a general thing, we think a lesson of 
about twelve to fifteen minutes is best. When a pupil is just 
starting in, anything over fifteen minutes gets to be quite tiring; 
so we use rather short flights. Frequently toward the end of 
the course a pupil will do perfectly well if you keep him going 
for half or three quarters of an hour, and once a man has learned 
to drive a machine, he can do so for hours without getting - 
tired at all. It is like learning anything else. At first you 
grip the wheel like death. When you get used to the control, 
you can take two fingers and handle it. 

Q. — What is the highest speed obtained in this country? 

Mr. GREELY S. Curtis.* — I believe the highest speed was 
that made by a racing monoplane at Chicago some years ago, — 
about one hundred and twenty miles per hour or thereabouts. 
There have been some speed scouts built for the Army and Navy, 
but if they have exceeded that speed, it is still concealed by the 


censor. 
Q.— Do you think flying will ever come into use for utili- 


tarian purposes? 
Mr. Curtis. —I took ‘ flying’ as the subject of a thesis — 
in 1892; but every year takes off a little from my original antici- 
pations, until now I am somewhat discouraged about its future. 
It seems less and less likely to develop usefully as each year passes. 
There are so many risks and there is so much expense. The 
deterioration of the motor is — I won’t say a dollar a minute — 
but about twenty dollars an hour as a minimum, which is for, 
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the use of the motor alone, not counting repairs or anything of 
that kind, and that makes it a very expensive sport. 

Q.— What is the cost of a medium-sized machine, such a 
machine as could be used in flying on land? 

Mr. Curtis. — Some of the machines shown on the screen 
have been built for $5 000. I do not think there have been any 
built below that, and they run a long way above. I saw some 
bids for Navy specifications at $22 000 for a machine. Those 
are not the gigantic machines. -They are for military purposes. 
I think the cost is apt to increase rather than decrease. 

Q.— Are revolving motors used at all now here? 

Mr. Curtis. — The government has quite recently placed 
an order for, I believe, fifty American-made rotating motors, 
but it came as a great surprise to us, as manufacturers. We 
heard they had gone out of favor on this side, and very largely 
on the other side, with the exception of some French motors. 
We have not seen any rotating motors in practical use here for 
a number of years. They are much less popular than they 
used to be, so that this order for a considerable number of them 
was a great surprise to us. 

Q.— What is the cause of their failure, or why are they not 
considered as good as a stationary motor? 

Mr. Curtis. — The best information we have has been that 
the motor can only run a limited number of hours before it has 
to be taken down and cleaned out. There is no lubricant known 
except castor oil, and that gums them up so badly they need 
constant taking down to clean them. They are very delicate, 
and are air cooled. When the Hendee Motor Company under- 
took to duplicate a Gnome motor, they worked for two or three 
seasons having an actual sample before them, and found they 
could not make a machine which would run satisfactorily. A 
company was established in Washington for making rotary 
motors, and each time they made a new motor they declared 
the new one would be better than the last. Finally they in- 
duced a foreign government to specify one of these motors in 
one of our aeroplanes, the sale being contingent upon the whole 
‘machine operating properly. We had it out tuning up for two 
months, the longest flight being, I think, about thirteen minutes, 
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and it never came down twice for the same reason. This indi- 
cates that a rotating motor is a very delicate mechanism. They 
have the secret in France. Duration records have been made 
with them and they have been wonderfully successful, but they 
do have the defects I have pointed out, — the gumming up and 
the necessity for taking them apart and cleaning them out. We 
have not been able to build them yet properly. There is also 
another point against them, and that is that if you are doing 
cross-country flying in military work you can buy anywhere the 
ordinary automobile oil, which is sufficiently good for the stand- 
ard type of European motor, but you cannot find more than a 
quart of castor oil even at a drug store, and therefore you would 
be stuck where you landed until you could get a reasonably 
large supply of castor oil. 

Q.—Is the center of gravity of a seaplane considerably 
lower than that of a landplane? 

Mr. Curtis. — It depends somewhat on the individual type 
of machine. In some types of seaplanes the center of gravity 
is noticeably lower, and it makes a considerable difference. It 
throws out a large part of the efficiency of the Dunne principle. 
You can realize that if your propeller is going to be replaced by 
the force of gravity, the former must act in a horizontal line 
through your center of gravity; otherwise a shift in your control 
surfaces would be necessary. When gravity acts on a glide you 
have a force exerted along the line passing through that center 
of gravity. If your propeller is located above your center of 
gravity, there is going to be a turning moment tending to push 
your nose down. The minute the propeller stops, your upset- 
ting moment forward is going to be relieved and there would be 
a tendency to sag back. So in the Dunne type or any other type 
which is going to have inherent stability, the line of propeller 
thrust must pass approximately through the location of the 
center of gravity; otherwise a pitching moment would be set up. 

Q. —What is the cause of the extremely rapid deteriora- 
tion in the motor that you speak about? 

Mr. Curtis.— The cost of an aeroplane motor runs any- 
where from $3 000 to $6 000. Assuming you have a high-power 
motor at $6000, three hundred hours is a pretty long life for 
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an aeroplane motor in actual flying. It is short for an automo- 
bile motor, but the aeroplane motor is cut right down to the 
limit as far as weight goes, and they do not stand up. Something 
essential gives way long inside of three hundred hours, as a rule. 
You cannot count on more than that as the life of a high-grade 
aeroplane motor. That is largely on account of the fact that 
they have to be built light, but more particularly because in 
flying the use of the motor is very different from that in an auto- 
mobile. In an automobile you run with one quarter of your 
power for ordinary running, or less than that; but in an aero- 
plane, you have your throttle pretty nearly wide open most of 
the time, and clear open a good deal of the time, so that it is 
being driven pretty near its limit most of its life. Some of 
these motors are designed to run 2 600 revolutions per minute, 
though others with direct drive run only 1 300 to 1 400. The 
practice has come in of gearing down the drive from I 800 or 
2200 R.P.M. to 1 200 R.P.M. You can imagine running 2 200 
revolutions for three hundred hours with a delicate mechanism 
which has been pared down to the lightest possible weight. 

Q.— Is there any trouble with lubricating the machine? 

Mr. Curtis.— That has been one of the difficulties that 
all engine designers have been up against. If the motor begins 
to miss in an automobile you can go on until you come to a 
convenient garage, but if it begins to miss in the air, you come 
right down and do not take any chances unless you are under 
military orders.. Mr. Webster can tell you of his experience 
with a Canadian officer on the St. Lawrence. The Canadians 
wanted a certain’Burgess machine in a hurry. It was taken 
up to Lake Champlain, and they started to fly from there to 
Quebec. He will tell you what happened. 

Mr. WEBSTER. — We flew from Lake Champlain to the St. 
Lawrence River, a matter of ninety-odd miles, with considerable 
side wind, so it took an hour and fifty-five minutes. Something 
had worked loose, and when we landed we were very short of 
oil. We put in some more and some gasoline also. Probably 
one of the bearings had got pretty well out of oil during that 
time and had started to heat a little. So we went forty-five 
minutes down the river, covering about sixty miles. This was 
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in the original Burgess-Dunne machine. Then we began to 
notice a knocking in the machine, so we landed near shore and 
tried the engine and decided the knock must be in the crank- 
shaft or connecting rod bearings. Although I wanted to stop 
right there, this captain said, “ No, we will go right through to 
Quebec.’”’ He had driven an automobile motor with a burned- 
out connecting rod bearing. .He owned the machine, and I was 
willing to take a chance if he wanted to. We started up and 
headed down the river ahead of the wind, about ten feet off the 
water, without power enough to get higher, and once in a while 
dropping almost on to the water. The engine ran about eighteen 
minutes more and then the piston slid up into the countersunk 
portion of the head, the piston became broken squarely in two, 
and the connecting rod finally jumped right out through the 
crank case and the engine bed. There was considerable noise 
aft and we landed and drifted until they towed us ashore. 

Q.— Are most of the military planes biplanes? 

Mr. Curtis.— Practically all. There are no monoplanes so 
far as I have heard in use by the United States War or Navy de- 
partments. They use them on the other side, but they are in a 
minority. For almost all work they are using biplanes. The 
latter have a greater capacity and wider range of speed and are 
better adapted for military uses than the monoplanes, that is, 
so far as the experience of this war has indicated. 

Q.— What is the advantage of having propellers in front 
as compared with having them in the rear? 

Mr. Curtis.— The propeller in front necessarily implies 
that your motor is in front. If you are flying over land, it is 
‘considered by the authorities safer to have your motor land first 
rather than behind you, because in case of a rough landing it 
might otherwise get jarred off and fall on you. That is one of 
the safety reasons. Also you propeller is working in undisturbed 
air when it is in front. Another very essential feature is that 
if your motor is behind you will have to build up a framework 
to carry your tail surfaces, and that framework offers a very 
considerable resistance to the air and will slow you down. Con- 
sequently the pusher type of machine is several miles slower 
than the tractor type, using the same wing surfaces and the 
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same motor. So you gain in efficiency and add somewhat in 
safety by placing your propeller in front. 

Pror. Epwin B. Witson.* — The theory of the aeroplane, 
so far as we know it, has been almost all made in England, owing 
to the excellent training they give in theoretical mechanics, 
which is, of course, a sort of specialty in England, and has been 
since Isaac Newton’s time. There are a great many things 
about theoretical mechanics which are not ordinarily considered 
‘practical,’ and which are not yet taught very much in this 
country, although the theory of the aeroplane will probably 
soon demonstrate that they must be more widely taught. 

In the early days of the theory of the aeroplane there were 
quite a number of papers written in France, involving some 
little trigonometry or something like that, but nothing very 
complicated or that got very far on the dynamical problem of 
motions. So far as statics of the aeroplane are concerned, 
they did very well, but the great question in the theory of the 
aeroplane is not the statical feature, but the dynamic stability. 
There is a difference, of course, between dynamic stability and 
static stability. Dynamic stability is illustrated very well in 
that Dunne type. If the machine is moving and gets off a steady 
condition of flight, it tends to come back of itself to that steady 
condition. A machine may be statically stable and not so 
dynamically. That is to say, if it gets off its path when at rest, 
and there is a righting movement tending to bring it back, it is 
statically stable, but the righting moments may not operate 
in detail on a moving machine just as they seem to when ex- 
amined on the machine at rest. 

We therefore have to consider the machine as moving in a 
uniform line parallel ordinarily to the surface of the earth. If 
slightly disturbed from that, the machine takes up of itself an 
oscillatory motion, and if the machine is dynamically stable, 
the oscillation will die out; if the machine is not dynamically 
stable, the oscillation will not die out. It is not absolutely 
essential that you should have dynamic stability, but you must 
not have too serious a degree of dynamic instability or there 
will be trouble. For instance, the Curtis tractor JN-2 is slightly 


* Professor of Mathematics, Institute of Technology, Cambridge, Mass. 


DISCUSSION. 309 


unstable. If it» gets off its path it will not come back, but it 
does not diverge very rapidly so that it is sufficiently stable for 
practical purposes. 

The mathematical theory is entirely a theory of approxi- 
mations. There is no way of taking into account the motion 
of the machine in flight under complicated conditions. For 
instance, I have tried for three years to tell how a machine goes 
around the loop. I waste twenty-five or thirty hours every now 
and then, and finally I give it up again. That is just on account 
of the complication of the problem. Those things which we can 
handle are relatively simple things, such as the effect on the 
machine of meeting a stratum of air in which conditions are 
slightly different from the one in which the machine has been 
flying. We can thus take some account of the effect of gusts on 
machines. 

The great advances which must have been made in Eng- 
land since the beginning of the war are absolutely unknown in 
this country. I wrote to Mr. Bairstow, who is at the National 
Physical Laboratory in England, and asked him if there was 
any way I could get any information as to what they had ac- 
complished since the war began, because I wanted to use it in 
my courses at the Institute. He said he would trust me with 
it, but could not send it on account of the censor, who would 
not let him send the information or allow him to write about it. 
The censors have let out a few articles by Professor Bryan in 
Wales. He has treated of motion in circular flight. The cen- 
sors let that out. I suppose that is the same as saying the infor- 
mation is not of much immediate practical use. I cannot imagine 
any other interpretation. But there is the problem, that of 
circular flight, — one of the most common maneuvers. There 
is not in print anywhere a practical account of what the aeroplane 
does in a circular flight, — what different kinds of balance must 
be had. Engineers can guess at it, and pilots can put the ma- 
chine through the maneuvers, but whether a machine which 
‘is theoretically stable on a horizontal flight remains so for cir- 
cular flight is not yet worked out properly. 

We are all waiting to get some information from England in 
order to improve our own knowledge and our courses an aero- 
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plane theory. I suppose they have done some things in France, 
but before the war we got nothing much except trigonometry 
out of France. The English were the ones who started it, Pro- 
fessor Bryan in England being the real pioneer, helped by Mr. 
Harper, who has since been killed in the flying service. There 
have been, I think, some articles published in Russia; but Russian 
literature does not get into this country very much, so that, as 
I say, we are dependent on the accounts of the British govern- 
ment in the annual reports of the National Advisory Committee, 
and as those stopped coming out two or three years ago, we 
theorists are all in the dark. Meanwhile our engineers are going 
on making great progress, as they generally do, away ahead of 
the theory. — 
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DIAGRAMS FOR CONTINUOUS BEAMS OF UNEQUAL 
SPANS. 


By FRANK S. BatLey,* MeEmBER Boston Society oF CIvIL ENGINEERS. 


It is well known that shears and bending moments in con- 
tinuous beams of several spans vary considerably from those in 
simple beams of one span, and diagrams showing shears and 
bending moments for continuous beams of equal spans are to 
be found in various textbooks. It not infrequently happens, 
however, that the architectural designs for a building call for 
continuous beams of unequal spans, and very little data are to 
be found showing the shears and moments for such cases. 

The maximum positive bending moment in a uniformly 
loaded simple beam occurs at the center of the span, and this 
is approximately true of continuous beams of equal spans. In 
continuous beams of equal spans, a negative moment exists 
over the intermediate supports, and, if the end spans are fixed, 
at the end supports as well. 

With uniformly loaded continuous beams of unequal spans, 
the above statements do not hold true; in fact, it sometimes 
happens that a positive moment occurs over a support and a 
negative moment at the center of the span. Furthermore, in 


* With Metcalf & Eddy, Consulting Engineers, 14 Beacon Street, Boston. Mass. 


Note. This paper will not be presented at a meeting of the Society, but discussion is 
invited, to be received by W. L. Butcher, Editor, 14 Beacon Street, Boston, before December to, 
for publication in a subsequent issue of the JOURNAL. 
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the case of equal spans, the negative moment seldom extends 
to more than one fifth or one fourth the length of span from the 
support, and reinforcing steel in the top of the beam, to provide 
for negative moment, is not required for more than this distance 
from the support, i.e., one fifth to one fourth the span length. 
With unequal spans, however, the negative moment may extend 
over the whole span length, and steel is needed in the top of the 
beam for its entire span. Also in regard to the reactions at the 
supports: with two equal spans with supported ends the reaction 
at the middle support is five eighths, or 62.5 per cent., the whole 
load on both spans, but with two unequal spans (such as shown in 
Fig. 2A), the reaction at the central support is about 69 per cent. 
of the whole load. It is useful to know such a fact, especially 
when girders are used for the support of continuous beams. 

It is evident, therefore, that diagrams showing shears and 
moments for several common cases of unequal spans with uniform 
loads per linear foot should be of considerable value to struc- 
tural engineers, and a few such diagrams are here shown. They 
were prepared only after a search of the literature of the subject 
failed to disclose the desired information. They were com- 
puted from the formulas of the ‘‘ three-moment theorem ’’ which 
was originally derived by Clapeyron, demonstrations of which 
may be found in Lanza’s ‘‘ Applied Mechanics,’ Church’s 
“Mechanics of Engineering,’’ Merriman and Jacoby’s “‘ Roof 
and Bridges,” and other treatises to which reference may be 
made for more complete data. 

A brief description of the diagrams follows: 


Span Pe 


Span I 


Fic. 1. Continuous BEAMS WITH UNEQUAL SPANS. 
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Mb > =Moments upon beam at three adjoining supports. 

Mc ; 

Sa+1=Shear at infinitesimal distance to right of support at a. 
Sb—z=Shear at infinitesimal distance to left of support at 0. 
Sb+-1=Shear at infinitesimal distance to right of support at b. 
Sc¢—1=Shear, etc. 

w, and w2=Uniform loads per foot on Spans 1 and 2. 

P, and P,=Concentrated loads on Spans 1 and 2. 

k,L; and k2L2= Distances from supports to concentrated loads. 
M, =Moment at section in Span 1 at distance x from support. 
M,=Moment at section in Span 2 at distance x2 from support. 


—Po(keL2—x2). 
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Note. If &Z: is greater than x the expression for M, changes to Mi= 


(Li =)? 


Mb + Sb—1(Li—m) — ae —Pi(kili —m); a corresponding change 


occurs in M; if x2 is greater than hol». 
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Fig. 1 shows the meaning of the various symbols in the 
formulas. 

P, and P» represent concentrated loads, and are given so 
that other conditions of loading besides that shown in the dia- 
grams may be investigated. They were not used in calculations 
for the diagrams, which are based on uniform loading alone. 
In calculations for uniform loading only, P; and P: each equal 
zero, and the terms in which they are present of course become 
zero. Tables giving the values of the terms ki—k,? and 2k2— 
3k2+k are given in Vol. 4 of Merriman and Jacoby’s ‘Roofs 
and Bridges’ and in Vol. 2 of Hool’s ‘“ Reinforced Concrete 
Construction.” 

Fig. 2A shows shears and moments for two spans, one of 
which is half as long as the other, with ends supported. In this 
case it is seen that a negative moment. exists over three fourths 
the length of the shorter span measured from the central sup- 
port. Steel reinforcement in the top of a concrete beam should, 
therefore, extend at least this distance. This is the case pre- 
viously referred to where the reaction at the central support (which 
is the sum of the shears immediately to the right and left of the 


support) amounts to 69 per cent. of the whole load on both spans. 
Pig 
3 ) in the short span at the central 


The high negative moment (= 


support is an important feature. 

Fig. 2B shows two spans, one of which is half the length of 
the other, with fixed ends. Ends are considered fixed when they 
are monolithic, with heavy walls or columns. A peculiarity of 
the case shown in Fig. 2B is that the bending moment at the 
end of the short span is zero. Generally, where the ends are 
fixed, a negative moment exists over the end support. The 
occurrence of a zero moment at the end in this case is due to 
using span lengths of the particular ratio shown. In the case 
of three spans shown in Fig. 3, if each of the end spans were 
made slightly more than one half the length of middle one, a 
ratio of length could also be found where there would be a zero 
moment for the ends of the fixed spans. 

Fig. 3 shows the curves for three spans, each of the end 
spans being half the length of the middle span. In this case 
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Supported Supported Fixed i 
End End End apes 


Curve of shears for uniform load Curve of shears for uniform load 
=w per foot over both spans. | = w per foot over both spans. 


Curve of moments for uniform load Curve of moments for uniform load 
= w per foot over both spans. = w per foot over both spans. 
FIG. 2A. FIG. 2B. 
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Supported Supported 
Ende: ae Ena 


COMO Cigiette 


Curve of moments for uniform load = w per foot over three spans, 


Norte. With span lengths as shown in this case, and with uniform load 
the shear and moment curves for fixed ends are practically the same as for 
supported ends. ; 


Fic. 3. UNtrorMLy LoapEp Continuous BEAMS WITH UNEQUAL SPANS. 
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Support 
a rted ee tity 


Cy per foots) 


Curve of shears for uniform load = w per foot over three spans. 


Curve of moments for uniform load = w per foot over three spans. 
Fic. 4. UNIFORMLY LOADED CoNnTINUOUS BEAMS WITH UNEQUAL SPANS. 
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it is noted that the curves for fixed ends are almost identically 
the same as for supported ends. As a matter of fact, it was 
found that a small positive moment existed over the end supports 
where the ends were fixed. 

Fig. 4 shows curves for three spans with supported ends, 
with each of the end spans twice the length of the middle span. 
It is especially interesting as a case in which there is no positive 

ie 
aa 
existing at the center of the span. In this case it is evident 
that the top of the beam should be reinforced with steel for its 
entire length to provide for the negative moment. 

Fig. 5 shows the same span arrangement as Fig. 4 but with 
fixed ends; the same phenomenon with regard to negative 
moment occurs in the middle span as was observed in Fig. 4, 
but to a less amount. 


moment in the middle span, —a negative moment of 


L2 


Nearly all authorities recommend using for moment 


ee 
2 


, : w 
at center and support for interior spans and for center and 


IO 

support for end spans, and perhaps the most striking feature of 
the diagrams is the information they give as to the high negative 
moments at the support (and in some cases throughout the 


entire length of the short span), amounting in one extreme case 
wl? 


In practice this does not affect the design so much as these 
figures would appear to indicate, for the steel in the top of the 
beam over the support is, or should be, proportioned to the nega- 
tive moment for the longer span, and this amount is extended 
into the short span, thus giving a sufficient amount of steel for 
the moment in the short span, provided it is extended far enough. 

Fig. 6 shows shears and moments for a beam with fixed 
ends and triangular loading. Mr. W. W. Clifford, member of 
Boston Society of Civil Engineers, became interested in this 
problem, and after finding several different solutions which 
did not agree he enlisted the writer’s efforts. To Mr. Clifford 
belongs the credit for first finding the correct solution. The 
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Fi 
Sei Fixed, 


w=uniform load in lbs. per lin. fT. 


Curve of shears for uniform load = w per foot over three spans. 


Curve of moments for uniform load = w per foot over three spans. 


Fic. 5. UNriFoRMLY LOADED Continuous BEAMS WITH UNEQUAL SPANS. 
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Fixed End rd 


Curve of moments for triangular load = wx per foot. 


Fic. 6. . TRIANGULAR LOADED BEAM WITH FIXED ENDS. 


method he used was to take Merriman’s factors (k—k*) and 
(2k —3k?+k*) and with kl=x-then assume that a concen- 
trated load wx was applied over each infinitesimal portion of 
the total length of the beam. The integration gave the follow- 
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ing equation: My),+2M2(1,+)+ Mgl; = — pews = Lael The 


writer checked this result both by Mr. Clifford’s method and 
by following the method given in Lanza’s ‘“‘ Applied Mechanics.” 
(See Appendix.) 

Norte.* In actual design for uniform loading, the formulas 


WL : : 
ar for end span and a for interior spans should be used for 


W. 


positive moments, and — * 


WL 
over end supports and The for 


interior supports, except where the diagrams indicate the exist- 
ence of larger negative moments. 

In Fig. 3 the bending moment at the wall column is zero, 
which is caused by the fact that the negative bending moment ' 
in the end span, due to the fixity, is taken up by the positive 
bending moment caused by the loads in the interior span. If 
the interior panel is not loaded of course the negative bending 
moment will occur at the wall support and, therefore, must be 
provided for. 

The curves show the theoretical bending moments. 

The actual bending moments will be different because not 


se Bending Moment 
in Column. 


Theoretical. Actual. 


Fic. 7. THEORETICAL. AND ACTUAL BENDING MoMENTs. 


* The above note is appended at the suggestion of Mr. Sanford E. Thompson. = 
Thompson's article, ‘‘ Design and Construction of the Massachusetts Institute of Technology, 
in the Journal American Concrete Institute, July, 1915, contains some useful data on the subject. 
It was unknown to the writer until some time after this article was prepared. The article, 
“ Design of Wall Columns and End Beams,” by Edward Smulski, which is in the same number 
of the Journal referred to, is also of interest. 
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all of the bending moment is transferred from one span to the 
adjoining span, a good deal being taken up by the column. The 
effect of one span upon another, therefore, in actual construc- 
tion, is not as pronounced as would appear from the theory. 
The sketch (Fig. 7) shows approximately the difference between 
the theoretical and actual bending moments. 


Fixed Fixed 
End Eno 


Curve of shears for uniform load wi =ws on spans I and 3 and 


. Wi 
uniform load W2=—5 on span 2. 
I 


0.23L, | ! 


Curve of moments for uniform load w:=ws3 over spans I and 3 and 


‘ w 
uniform load == on span 2. 


Fic. 8. 
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Fig. 8 was prepared to show the effect mentioned by Mr. 
Thompson of having a light load on the middle span. Compar- 
ing it with Fig. 3, it is seen that when the uniform load per foot 
on the middle span is one tenth of the load per foot on the end 
spans, there is a very great change in the shears and bending 
moments in the end spans, the most noticeable features being 
the great increase in the shear and negative bending moment at 
the end supports. 

APPENDIX. 

By first method. Taking two spans of equal length with 
equal triangular loading beginning at zero at the left of each 
span and increasing uniformly to a maximum at the right of 
each span, then, for a single concentrated load — 


M,h+2M, (h+h)+ Mb = —Pl?(ki—ki®) — Plo?(2ke — 32? +h). 


As kl=x and there is assumed to be an infinite number of con- 
centrated loads each equaling wx over the whole length, the 
above equation becomes 
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therefore 
M. (+11) 120 | M;31,60 ie M,1,60 Nag 7why* we 8wi_4 rae 
25360 360 260) +1360 fo 360 te 
and 
8wi_,* 1,4 
MT to AT h ee ee = a" =o 


In this method the expression for unit load is w(l1—«) for 
the first span and wx Ss SS as span. The expression for mis 


ib sis w(l,—x)dx? one — — — bay a the first span and 


if fi * coxdx? or = for the second span. The expression for 


mer fie max? wh.° 
Va= (he 5 ET thereferet becomes Ae for the first span, 


okay x mdx? w,® 
and on iP EI becomes aT for the second span. 


——-- see 
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CLASSIFICATION OF CIVIL ENGINEERS UNDER THE 
CIVIL SERVICE RULES. 


REPORT OF THE COMMITTEE.* 


To THE BOARD OF GOVERNMENT, 

BosTON SOCIETY OF CIVIL ENGINEERS: 

Gentlemen, — The special committee on Civil Service of 
the Boston Society of Civil Engineers, appointed at the request 
of the chief examiner of the Massachusetts Civil Service Com- 
mission, in accordance with the vote of the Society on October 
18, 1916, begs leave to submit the following report. 


PURPOSE OF THE COMMITTEE. 


The chief examiner, in his letter requesting the codperation 
of the Society, stated: 

‘The Commission would be pleased to have your Society 
appoint a committee to go into the question of the classification 
of civil engineers, as it exists at present under Civil Service 
rules, to suggest such modifications and changes as would make 
for the maximum of practicability, simplicity and, in a word, 
adequacy.” 


It was apparent that this was an opportunity for the Society 


’ to be of service both to the state and to the engineering profession. 


* At a meeting of the Board of Government, held September 19, 1917, this report was 
accepted and the Secretary was directed to forward the same to the Civil Service Commission. 
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WorK OF THE COMMITTEE. 


As the state Civil Service examinations for engineering 
positions are usually held annually in December, and as changes 
in the Civil Service rules must receive the approval of the Gov- 
ernor and Council and be published at least sixty days before 
going into effect, it was not possible for the Society to take any | 
action which would have become effective at the examinations 
last December. Accordingly, the committee has deemed it 
wise to take ample time for mature consideration of the subject, 
with a view to presenting its report in season to have its recom- 
mendations, if accepted by your Board and by the state authori- 
ties, take effect prior to the holding of the engineering examina- 
tions in December next. 

Seven meetings have been held, the fret on November 28, 
1916, and the last on the date of this report. 

The first meeting was a conference between the committee 
and the chief examiner and the special civil engineer examiners 
of the Civil Service Commission; at this conference the com- | 
mittee was enlightened as to the present rules and regulations 
governing engineers in the classified service of the Common- 
wealth and its municipalities, and as to difficulties experienced 
under the present system. 

At the second meeting, on December 12, the views of en- 
gineering employees within the Civil Service were presented by 
representatives of the Public Service Engineers’ Association of 
Massachusetts, an organization including about three hundred 
civil engineers in state and municipal employment. 

At the third meeting, on February 13, 1917, representative 
heads of state and municipal engineering departments were 
present, and expressed their views regarding the workings of 
the present Civil Service rules and regulations and made valu- 
able suggestions for modifications of the same. 

Through the chief examiner the committee was supplied 
with voluminous data consisting of copies of rules and regu- 
lations, annual and special reports and typical examination 
papers relating not only to Civil Service work in this Common- 
wealth, but also to that in the states of New York, Illinois, Wis- 
consin and California, and the cities of New York, Philadelphia 
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and Chicago. Particular attention has been given to the report 
made to the Massachusetts legislature in January, 1916, by the 
Commission on Economy and Efficiency concerning the stand- 
ardization of grades and compensation in the civil engineering 
service of the Commonwealth, as proposed in House Bill No. 
349 of 1915 (House Doc. No. 1673 of 1916). 

The fourth and subsequent meetings of the committee 
have been devoted to consideration of the information and the 
data thus obtained, to further conferences with the chief ex- 
aminer and with the special examiners, and to the preparation 
of this report. 


FAULTS OF THE PRESENT SYSTEM. 


The provisions of the Civil Service were extended to cover 
civil engineers in municipal service on February 15, 1897, and 
in state service on March 1, 1902. The present regulations 
governing this service became effective in March, 1912. While 
much may be said in commendation of the inclusion within the 
Civil Service of the engineering forces of state and municipal 
departments and of the benefits that have since been gained, it 
is apparent to your committee that the system has not yet 
reached its maximum of usefulness, and that it has often failed, 
in competition with private employment, to attract or to retain 
engineers of thorough training and wide experience. 

The committee believes that unless something is done to 
make this public service more attractive to graduates of tech- 
nical schools and to engineers of proven ability,: there is a danger 
that the personnel of the engineering staffs in the public service 
in this state will, as a whole, fall backward, rather than advance. 

Some of the faults of the present system which your com- 
mittee believes should be remedied are specifically as follows: 

1. Provisional Appointee. ‘‘ Present Civil Service regula- 
tions allow of provisional appointments, and these appointees, 
if employed continuously for one year, are rated as permanent 
and are not required to take examinations.’ (House Doc. No. 
1673 of 1916, p. 6.) It appears that under Rule 6, Class 27, of 
the existing Civil Service rules, a rodman may be provisionally 
appointed at a salary slightly in excess of $300 a year, for the 
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reason that no one who has passed the rodman’s examination 
and whose name is on the eligible list is willing to accept a posi- 
tion at the salary offered. If rated as permanent after a year’s 
provisional service, it is possible for this rodman to be advanced 
in rating and pay until his salary reaches the maximum figure 
of $1 500 per year, without any examination whatever. The door 
is thus opened to the appointment to the engineering service of 
persons without engineering training of any sort, and they may 
remain in the service without examination until they reach a 
compensation and position which should carry some degree of 
engineering responsibility. 

2. Certifications for Municipal Appointment from Local 
Lists Only. Although the Civil Service is a state-wide institu- 
tion, there is, in addition to the state eligible list, a local eligible 
list for each municipality. If the appointing officer in any city 
desires to make an appointment, names are certified by the Civil 
Service Commission from the local list, if, and to such an extent 
as, names may be available thereon. In the case of engineering 
positions in cities outside of Boston, — and occasionally this is 
true for Boston itself, —it isa common occurrence either that there 
will be no local eligible list or that the list will be insufficient to 
supply the requisite number of names to give the appointing 
officer his choice in appointment. In such a case it sometimes 
happens that the appointing officer will request that names be 
certified from the state list, which is permissible, but more often 
the appointing officer exercises his right of provisional appoint- 
ment from outside the list. In cities outside of Boston, it is 
seldom that an appointment to a higher engineering position is 
made from the Civil Service list, because the local list is inade- 
quate to supply the demand. 

3. Credit Allowed for Experience. At present too little 
weight is given to the experience of an applicant who takes the 
engineering examinations. Under the present rules, in the case’ 
of rodmen and instrumentmen, experience is marked on a basis 
of .5 points out of a total of 16 points or 31 per cent. of the total 
rating, while for junior and senior assistant engineers experience 
is weighted at only 5 points out of a total of 18 points, or only 
28 per cent. of the total mark. It will thus be seen that actually 
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less credit is given for experience in the higher grades than in 
the lower. Your committee believes that the higher the grade 
the greater should be the weight given for experience, and that 
the present system does not fairly rate engineering applicants 
in the higher grades. 

The committee believes that where so large a proportion 
of the total mark is based on the result of written examinations, 
there is a tendency for young engineers, fresh from school, to 
be given too high a rating, while older and more experienced en- 
gineers, more or less rusty on book knowledge, may be given too 
low a rating. The low weight given to experience as compared 
with the high weight assigned to written examinations is doubt- 
less a factor which deters older engineers with considerable ex- 
perience from taking the Civil Service examination. In other 
words, the present rule in this particular is not one which tends 
to secure the best men. 

4. Dropping of Names from Eligible List. At present, ‘‘ No 
person shall remain eligible for more than two years upon any 
eligible list unless the Commission shall by vote continue the 
eligibility beyond said period’ (Rule 18, Section 3). So far as 
engineering positions are concerned, your committee is agreed 
that the interests of the service will be advanced if engineers are 
retained on the eligible list for a substantially longer period than 
two years. 

5. Specialists in Engineering Work. Testimony has been 
presented to the committee which would indicate that in past 
years the Civil Service Commission has at times failed to ap- 
preciate the degree of specialization in the higher grades of en- 
gineering work, and has certified names of engineers for the 
higher positions for which their training and experience have 
not specially qualified them, to the exclusion of engineers lower 
down on the list whose special training has been along the lines 
in question. It is believed, however, that the need of engineer- 
ing specialists is generally recognized by the Commission at the 
present time, and that this fault has been largely, or wholly, 
rectified. 

6. Investigation of Applicants for Examination. The ex- 
amining force of the Civil Service Commission, as at present 


330 BOSTON SOCIETY OF CIVIL ENGINEERS. 


constituted, is inadequate properly to follow up and investigate 
the experience sheets of applicants for examination for engineer- 
ing positions. -The chief examiner is to be congratulated upon 
the work which he is doing in this direction with the very limited 
means at his disposal. 

7. Standardization of Salaries. A fault of the present 
system, according to the testimony of representatives of the 
engineering employees, is the lack of standardization in salaries 
of engineering positions in both the state and municipal depart- 
ments. After careful consideration, your committee has de- 
cided that inasmuch as this is a matter which doubtless can only 
become effective through legislative action, and as the work of 
your committee is limited to a consideration of the Civil Service 
rules and regulations which may be modified by the Civil Service 
Commission with the consent of the Governor and Council, it 
is not within the committee’s province, or desirable at this time, 
to undertake the study of the standardization of engineering 
salaries in state and municipal departments. 


RECOMMENDATIONS. 


The committee recommends that such modifications of the 
present Civil Service rules and regulations be made as may be 
necessary to conform to the following recommendations: 

1. Classification. The present classifications, especially as 
regards rodmen and instrumentmen, seem confusing and un- 
satisfactory. The classifications along the lines formerly in 
force appear preferable. The following grades for engineers 
and for draftsmen are recommended: . 

Grade A. Rodmen with pay up to $900, inclusive. 

Grade B. Instrumentmen with pay over $900 and not 
exceeding $1 400. 

Grade C. Junior assistant engineers with pay over $1 400 
and not exceeding $1 goo. 

Grade D. Senior assistant engineers with pay over $1 goo. 

Grade E. Junior draftsmen with pay up to $900, inclusive. 


Grade F. Senior draftsmen with pay over $900 and not 
exceeding $1 600. 
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Should the above classifications and pay rates be adopted 
by the Civil Service Commission, provision should be made that 
those now serving in grades corresponding to the new grades 
above named but with salaries in excess of the proposed new 
upper limit in each case shall automatically be placed in the 
grade corresponding with the salary which they now receive. 

2. Qualifications for Examination and for Promotion. The 
qualifications required for original examination and for promotion 
should be identical and as follows: 

(a) For Grade A (rodman) or Grade E (junior draftsman), 
at least one year’s good practical experience; or (2) the success- 
ful completion of one year’s study at a school of engineering of 
recognized reputation authorized by law to confer degrees. 

(6) For Grade B (instrumentman) or Grade F (senior drafts- 
man) at least three years’ good practical experience; or (2) gradu- 
ation from a school of engineering of recognized reputation 
authorized by law to confer degrees, plus one year’s good prac- 
tical experience; or (3) the successful completion of two years’ 
study at such a school, plus two years of good practical experience. 

(c) For Grade C (junior assistant engineer) five years’ good 
practical experience; or (2) graduation trom a school of engineer- 
ing of recognized reputation authorized by law to confer de- 
grees, plus two years’ good practical experience. 

(d) Grade D (senior assistant engineer) at least eight years’ 
good practical experience; or (2) graduation from a school of 
engineering of recognized reputation authorized by law to con- 
fer degrees, plus four years of good practical experience. 

3. Experience Sheet. Every applicant for examination for 
any engineering position should, as at present, file with the Com- 
mission an experience sheet according to a form furnished by 
the Commission, which experience sheet should be sworn to. 

The experience sheet should be filled out in minute detail, 
especially in the case of applicants for examination for the higher 
positions, and in all cases should be in such form as to determine 
the applicant’s experience as fully as possible. It is believed 
that the Civil Service forms should properly be revised and 
amplified. Each experience sheet should contain a list of refer- 
ences and also a complete list of former employers. 
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4. Investigation of Experience Sheet. The applicant’s state- 
ments in his experience sheet should be carefully verified, and 
if possible further information obtained as to his ability, charac- 
ter, habits and personality by communication not only with the 
references and former employers named by him, but also with 
others who may be acquainted with the applicant and his work. 
Such investigation will necessitate not only extensive corre- 
spondence, but also personal interviews in many cases. It being 
apparent that, at the present time, the Civil Service Commission 
does not have the organization necessary adequately to investi- 
gate experience sheets, the committee recommends that a 
trained investigator be added to the Commission’s staff, to do 
this follow-up work in a thorough and proper manner. 

5. Character of Examination. The applicant’s standing in 
examination should be determined as at present, both from his 
experience sheet and from written tests. It has been suggested 
to the committee that for the highest grade (senior assistant 
engineer) the written examination should be dispensed with 
altogether and the applicant’s standing determined solely from 
his experience sheet, supplemented by such oral examination as 
the special examiners deem necessary to fully ascertain the facts 
of the applicant's training and experience. While much may 
be said in favor of this suggestion, the committee foresees diffi- 
culties which would be likely to arise from the adoption of such 
a plan, and believes its introduction is not feasible, — at least 
until the Civil Service Commission has the proper organization 
thoroughly to investigate experience sheets; accordingly the 
committee recommends the continuation of the present practice 
of requiring applicants for examination in every engineering 
grade to pass written tests. No material change from the 
present practice is suggested, either in the subjects covered or 
in the character of the questions asked in the written examination, 
the committee feeling that this is a matter which the examiners 
have well in hand. Much less importance should be attached 
to the written examination in comparison with the experience 
rating than is the case at present, however, the specific recom- 
mendations on this point being given in the following paragraph. 
Further provision should be made so that the examiners shall 
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have the right, at their discretion, to subject applicants in any 
grade to oral examination, and this right should, it is believed, 
be generally exercised in the case of applicants for grades of 
junior and senior assistant engineer, as thereby the examiners 
will be better able to gage an applicant and give him his proper 
rating for experience. 

6. Weights to be Assigned in Examination. The committee 
is strongly of the opinion that the relative weights assigned to 
written examinations at present are contrary to the best in- 
terests of the Service and such as to discourage able and .ex- 
perienced engineers from taking examinations for the higher 
grades in competition with younger and less experienced engi- 
neers, who, being: more recently out of a technical school, are 
consequently less rusty in the theoretical subjects of the written 
examinations. The higher the grade the greater should be the 
rate allowed for experience and the less that allowed for written 
examination. The committee is of the opinion that a very con- 
siderable weight should be given for experience in the grades of 
junior and senior assistant engineer. On the other hand, it 
recognizes the limitations of the present organization of the Civil 
Service Commission for the investigation of Experience sheets, 
and accordingly, it recommends a set of weights for adoption at 
the examinations to be held in December, 1917, and another 
set of weights to be adopted after the Commission’s staff has 
been strengthened adequately to investigate the experience of 
the applicants. In the following table, Group I shows the weights 
agsigned at present; Group II, those recommended by this 
committee for the 1917 examinations, and Group III, those 
recommended for ultimate adoption. 

In the case of applicants for admission to Grade A (rodman) 
who are graduates of a school of engineering of recognized repu- 
tation authorized by law to confer degrees, the committee recom- 
mends that graduation shall of itself count as a credit of 80 per 
cent. of the total experience mark, leaving 20 per cent. addi- 

tional to be gained by the engineering graduates, who, in addi- 
tion, have had actual field experience. As to the credit for ex- 
perience to be given to graduates from such an engineering school, 
in the case of applicants for other grades, the committee recom- 
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mends that this matter be left to the discretion of the Civil 
Service Examiners. 

7. Provisional Appointees. In the case of provisional ap- 
pointees, the committee is of the opinion that no provisional 
appointment should be made permanent, and no provisional 
appointee should be eligible for an increase in compensation, 
until such appointee has passed the examination for the grade 
to which he has been provisionally appointed. 

8. Retention of Names on Eligible List. As a remedy for 
the unsatisfactory condition now existing by which names are 
automatically dropped from the eligible list at the end of two 
years, the committee recommends a modification of Rule 18 to 
provide that if, before the expiration of the original two years, 
the applicant so requests in writing, his name shall be retained 
on the list for an additional year; and, by written application 
made before the expiration of such additional year, further ex- 
tension of a year may be granted; this to continue until the 
applicant’s name has been retained on the list for a total period 
of at least five years. 

g. Certification of Names from Both State and Local Lists. 
The eligible lists for all engineering grades in cities outside of 
Boston, and for the higher grades in Boston, being usually non- 
existent or containing an insufficient number of names to furnish 
the quota necessary to give the appointing officer the choice 
which is his right, the committee recommends that where the 
local list fails to supply the requisite number of names for certifi- 
cation, the lack be supplied by certification of names from the 
State list. This will probably do away, to a large extent, with 
the present practice of making provisional appointments in 
cities, especially those outside of Boston, in which there are no 
eligible lists or lists of insufficient names. 

10. Standardization of Work and Pay of Engineering Em- 
ployees. The committee is informed that an investigation is 
under way with a view to standardizing the work and pay of 
all state employees, including the civil engineering staffs of the 
state departments, and that the suggestion has been made, first, 
that the classification of engineer and draftsman should be 
wholly separate and distinct; and, second, that there should be 
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more classifications of engineers with pay graded in each classifi- 
cation. In regard to the first suggestion, the committee doubts 
the wisdom of separating draftsmen and engineers, and believes 
that they should both be included in the general classification 
of engineers.* The second suggestion regarding the classification 
of engineers and the grading of pay within the several classifica- 
tions is evidently based upon the New York City Tentative 
Specifications for Professional Service, recently submitted by 
the Bureau of Standards to the Board of Estimate and Appor- 
tionment. In this connection the committee would point out 
that there is a fundamental difference between the Civil Service 
system of Massachusetts and that of New York and most other 
states. Elsewhere, state service and municipal service are wholly 
distinct so far as Civil Service regulation is concerned. New 
York City has its own set of Civil Service laws, rules and regula- 
tions, while an entirely different set applies to the Civil Service 
of New York State. In Massachusetts, however, all of the 
municipalities, as well as the several state departments, are 
comprised within the single Civil Service system. Having in 
mind rules and regulations which must be applicable alike to the 
municipalities and to the state departments, the committee is 
of the opinion that it would be unwise to increase the number 
of engineering grades beyond that recommended in this report; 
moreover, the committee doubts the wisdom of attempting to 
grade the rates of pay within each engineering grade for general 
application to all departments, as has been suggested in New 
York City. The grading of pay apparently requires legislative 
action, as evidenced by Chapter 605, Acts of 1914, establishing 
the grades for salaries of clerks and stenographers in depart- 
ments of the Commonwealth. Further, it is believed that con- 
ditions applicable to New York City with many departments, 
each with a large engineering staff, would not apply to all of the 
state departments, or to all municipal departments, especially 
those in cities outside of Boston or even to some departments in 


* The committee has since learned that, while, in general, it is Proposed to separate 
draftsmen and engineers, consideration is being given to the proposal to include within the 
engineering classification those who may be termed ‘“ engineering draftsmen” in distinction 
from draftsmen who have not had special engineering training. 
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Boston itself. In many of these departments the number of 
engineering employees is so small and the conditions pertaining 
to their employment in the several departments and cities is so 
varied that, in the opinion of the committee, rigid grading of pay 
would not prove to be equitable alike to the engineering employ- 
ees and to the state or the municipality which employs them. 


Respectfully submitted, 


(Signed) JoHN E. Carty, 
Cuas. R. Gow, 
EpwIN H. ROGERs, 
Rurus M. WHITTET, 
FREDERIC H. Fay, Chairman. 


Boston, September 13, 1917. 
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an Pipe, Valves and Hydrants, Water and Gas Works Ap- 
pliances. 
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STONE & WEBSTER 


FINANCE public utility developments. 
BUY AND SELL securities. 


DESIGN steam power stations, hydro-electric 
developments, transmission lines, city 
and interurban railways, gas plants, 
industrial plants and buildings. 


CONSTRUCT either from our own designs or 
from designs of other engineers or 
architects. 


REPORT on public utility properties, pro- 
posed extensions or new projects. 


MANAGE railway, light, power and gas com- 


’ panies. 


NEW YORK BOSTON CHICAGO 
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Bay State Dredging & Contracting Co. 
CONTRACTORS 


River and Harbor Improvements 


Sea Walls, Breakwaters, Concrete and General 


Construction Work 


247 Atlantic Ave., Boston, Mass. 


Fort Hill 1689 


Nand ba Fort Hill 1690 


JAMES E. CASHMAN, Treas. and Gen. Mgr. 
GORHAM H. WHITNEY, President 
DAVID J. WHITE, Secretary 


WALDO BROTHERS 


BOSTON, MASS. 
it 
NEW ENGLAND AGENTS FOR 


ATLAS PORTLAND CEMENT 
AKRON SEWER PIPE 


U. HOLZER, 
 BOOK-BINDER 


25 Bromrietp Sr., Boston, Mass. 
ESTABLISHED 1870, 


All kinds of Books bound and repaired. 


Maps and Charts mounted. Telephone 
Portfolios, Scrap Books, Blank Books, ete., made to order. and 
Lettering in Gold; Paper-Splitting; Inlaying; ete. Elevator 


Photographs Mounted on Card or Paper without Cockling. 
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aed ae JONSBERG CO. 
Engineering Construction 


Switch Cell Construction 


733 OLD SOUTH BUILDING 
BOSTON 


THE EXTREME HIGH QUALITY OF 


PENNSYLVANIA PORTLAND CEMENT 


MAKES ITS USE ESSENTIAL WHERE 
WORK OF THE HIGHEST CLASS IS DESIRED 


PENNSYLVANIA CEMENT CO. 


NEW YORK OFFICE BOSTON OFFICE 

30 East 42d St. 161 Devonshire St. 
NEW YORK BOSTON 

101 Park AVENUE 683 ATLANTIC AVENUB 


J. W. BISHOP COMPANY 
GENERAL CONTRACTORS 


« 
PROVIDENCE WORCESTER 


617 Butter Excranes 109 Foster Strext 


GEO. A. BLAIR ba L..) STREET. W. O. WELLINGTON 
ISAAC BLAIR & CO., Inc., General Contractors 
Shoring and Moving Buildings a Specialty 
433 Harrison Avenue, BOSTON 


Please mention the Journal when writing to Advertisers 


xil ; ADVERTISEMENTS, 


The Popularity of 


BITULITHIC 


is Founded on Quality 


It is economy to pave your streets with the best material at first, and have acon 
struction which will meet with all the demands of the present auto traffic. } 

Cities which have used BITULITHIC are constantly repeating contracts for it, as 
they have found it is cheaper to get the best bituminous construction (BITULITHIC) in 
the beginning. rather than experiment on inferior forms, — thus saving the city money in 
the end. and having a street that is good at all times 


BOSTON, MASS. 
Bitulithic Pavement. Columbia Road (at Hewins Street). Laid over old Macadam, 1915 


BITULITHIC 
is an asset —It is an investment — not a speculation 


There is no guesswork. Nothing but quality in the construction of BITULITHIC. 
It is constructed under scientific methods. and under close laboratory supervision. 


‘The best of stone and bituminous cement is used, which makes BITULITHICG 
Unequaled in reputation Unquestioned in quality Unrivaled in popularity 
The Pavement of prestige, — BITULITHIC 
Do not hesitate, — investigate BITULITHIC 


BIDU LITA TG has the merits that a first-class pavement should have. — Everything to 
gain. — Nothing to lose. 


Insist on BITULITHIC 


WARREN BROTHERS COMPANY 
Executive Offices, BOSTON, MASS, 
District Offices 


NEW YORK, N. Y. UTICA, N. Y. RICHMOND, VA. PORTLAND, ORE. 

ROCHESTER, N. Y. CHICAGO, ILL. TORONTO, ONT. NASHVILLE, TENN. 

PHOENIX, ARIZ. LOS ANGELES, CAL. ST. LOUIS, MO. VANCOUVER, B. C. 
WINNIPEG, MAN. MONTREAL, P. Q. 
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THE CHARLES R. GOW COMPANY. 


Contractors for Engineering Construction 


No. 166 DEVONSHIRE STREET 


BOSTON, MASS. 


Spaulding-Moss Company 
BLUE PRINTERS 


Blue Prints made from profile and other long tracings in continuous 
lengths. Small or large orders furnished in 
the quickest possible time. 


A full line of DRAWING MATERIALS in stock at Lowest Prices 


44 FEDERAL STREET, BOSTON, MASS. 


TELEPHONE, MAIN 6001 
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- PROMPT SERVICE GOOD QUALITY FAIR PRICES 
HAROLD L. BOND COMPANY 
HAROLD L. BOND, Pres. GEORGE S. HEDGE, Treas. 


TOOLS AND MACHINERY 
For All Forms of Construction Work 


Boilers, Engines, Pumps, Dump Cars, Derrick Fittings, Blocks, Rock Drills, 
Dynamite, Blasting Supplies, Iron and Steel 


RAILROAD, MILL AND CONTRACTORS’ SUPPLIES 
383-391 ATLANTIC AVENUE : : : : : BOSTON 


Long Distance Telephone 


C.D. Kirkpatrick, Mgr. 8S.P.Gates, Asst. Mgr. 
56 Frenkita Stren Brean Mose.| B. E- SMITH & CO., INC. 


e I t ESTABLISHED 1878 
Surveying nstruments ARTESIAN AND DRIVEN WELLS 


REPAIRING FOUNDATION BORINGS 
BLUE AND BLACK PRINTS: Engineers and Caeerers eee and Private 
D ° M : I Office: 1st NATIONAL BANK BUILDING, 
rawing Materials 60 FEDERAL STREET, BOSTON, MASS 


RIDEOUT, CHANDLER & JOYCE|New England Foundation Co., Ine. 


Engineers and Piping Contractors 


Engineering and Construction 
178 HIGH STREET - BOSTON, MASS. 


Simplex Concrete Piles 
Steam Specialties, Engineers’ Supplies 
finn of aikicg Reval or as 70 KILBY STREET " " BOSTON, MASS. 


COLEMAN BROS. 


General Contractors 


Main Office 
1 Marginal St., Boston Address 
Chelsea 166 Devonshire St. 
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48 Years of Service 


METAL. LATH 
CONCRETE REINFORCEMENT 
CULVERT PIPE 


SHEET IRON AND STEEL BUILDING MATERIAL 
OF EVERY NATURE 


USE HAMPTON METAL 
‘‘1T WATCHES OTHERS RUST ”’ 


Penn Metal Company 
201 Devonshire Street 
Boston, Mass. 


SALES OFFICES 
New York, N. Y. Portland, Me. — Philadelphia, Pa. 


FACTORIES 
Boston and Cambridge, Mass. 


Machine Shop 
Lixtension, 
fore River 

Shipbuilding 
Corporation, 
Quincy, Mass. 


“Builders -Not Bidders” 


This building was erected on our regular cost-plus-profit basis—a 
basis of mutual confidence — of value received and satisfaction given. 
And the result could not but be right. 

That is the way we build factories— power houses — dams — 
warehouses — of reinforced concrete and brick and steel. 


ABERTHAW CONSTRUCTION CO. 


Contracting Engineers Specializing in Concrete 


27 SCHOOL STREET (6-39) BOSTON 
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A. B. SEE 
ELECTRIC 
ELEVATORS 


Established 1883 


ELECTRIC ELEVATORS OF 


e ALL TYPES 
LOKMACAZINE CLL | eae 
LAWSSOB PRINTING. ae fies ; OR aA 
Pe OT PEE ew Yor ersey City 
paSiTC 184 Hion Sir ES Boston New Jersey 
OWES WAAC BOSTON, MASS Hartford 
SOSTON ELEVATED RAILWAY Jersey City Montreal 
Philadelphia Canada 
Washington 
Baltimore BOSTON OFFICE 
radeooy Minot Building 
Toronto 111 Devonshire St, 


EASTERN 


BRIDGE @» @ 


2 @Q STRUCTURAL CO. 


—$——<— 


Worcester, Massachusetts, 


For Prices on all Classes of 


STEEL AND IRON WORK. | 


WE DESIGN AND MANUFACTURE 


ROOF TRUSSES, GIRDERS, COLUMNS, STAIRS 
AND FIRE ESCAPES FOR BUILDINGS .. .. 


FOOT BRIDGES, HIGHWAY BRIDGES, RAILROAD BRIDGES 


We Carry a Large Stock of 
I-BEAMS, PLATES AND ANGLES 


Can Make Quick Deliveries. 2 2 Send in Your Inquiries. 
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PERRIN, SEAMANS & CO, 


Machinery, Tools and Supplies 


FOR 
Construction Work 


57 OLIVER STREET, BOSTON 


EDWARD F. HUGHES /§CIENTIFIG BOOKS 


Artesian and Driven Wells AND PERIODICALS 


for ——— 
erate Tyme or Private |THE OLD CORNER BOOK STORE 
27-29 Bromfield Street 


954 Oliver Building, 8 Oliver Street, | Boston, Mass. 


TEL. 1633 MAIN BOSTON, MASS. 
DETROIT GRAPHITE COMPANY Made for C. E. draughtsmen, and in WV degrees. 
PAINT MAKERS DIXONS 
Special Penstock and Standpipe Pain Cy 
“*Superior Graphite Paint”’ for Steel Foe “ 
: ‘ : ev aster drawing pence 
Bridges and Buildings Write on your letterhead for samples. 
; JOSEPH DIXON CRUCIBLE COMPANY 
101 Milk St., Boston, Mass. seRSEY CITY. No. 
JOHN E. PALMER 
JOHN G. HALL & CO. Contracting Engineer 
114 STATE STREET, BOSTON Contractor for Sewers, Water Works, 
Concrete Bridges, Concrete 


Foundations, etc. 


E A i 4 Fel C— Room 1012, Old South Building 
Boston, Mass. 


Telephone, Fort Hill 1731 


Associated Architects Printing & Supply Cu. 


144 CONGRESS STREET, BOSTON 


BLUE, BLACK AND VANDYKE PRINTING ON PAPER OR LINEN 
BLACK ON WHITE REPRODUCTION PROCESS — ANY COLOR 
DRAWING MATERIALS AND SUPPLIES 


TELEPHONE, FORT HILL 4013 
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APPROVAL 


HERSEY DETECTOR METER 


The Hersey Detector Meter has 
been accepted for eleven years in 3; 
4, 6,8" /0'and l2’sizes without. any 
restrictions or conditions of any 
kind by every Insurance Company 
stock and Mutual, doing business 
in the United States, and by the 
Water Departments and Water 
Companies in more than 500 Cities 
and Towns for use on over 3.000 
Fires S@rvices protecting nearly 
¥2.000,000.000. worth of Insured Property 


HERSEY MANUFACTURING COMPANY 


BOSTON COLUMBUS, O SAN FRANCISCO 
NEWYORK — PHILADELPHIA LOS ANGELES 
CHICAGO ATLANTA PORTLAND, ORE. 
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J. HUGHES 
H. ROCKWELL 
S, E, TINKHAM 


COMMITTEES — Continued 
For one year 


a Os Oe 
MPSON 


Lu 


ON PAPERS AND PROGRAM 
_ RATES FOR ADVERTISEMENTS — 


